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1 Introduction

1.1 Purpose
The proposed trench depression passes through the downtown City of Reno core and passes adjacent to

or under some structures.  During the construction of this trench system, eliminating excessive settlement

of these adjacent structures is a paramount consideration of overall trench performance.  To minimize

these settlements, underpinning techniques must be examined.

Upon examination, the feasible methods are presented with historical structural performance, a brief

description of typical construction details, and associated approximate construction costs.  For the

purposes of this report, Mass Concrete, Minipiling, and Soil Grouting techniques are examined.  The

following document contains a discussion of each of the underpinning techniques previously proposed.

1.2 Setting
The entry building to the Fitzgerald’s casino supports the north end of the Rainbow Pedestrian Bridge and

is used as an entrance for the Fitzgerald’s casino.  The building is a two-story steel frame with a mezzanine

area in the western half of the building.  The building is located directly adjacent to the proposed trench

wall. The floor system is composed of a 3½” lightweight concrete slab over a 2” x 20 gauge metal deck.

The building measures 67’-4” (East-West) by 20’ (North-South).  The existing Southern Pacific Railroad

alignment passes under the Rainbow Pedestrian Bridge directly adjacent to the entry building.

The foundation system for the entry building, in the location of the trench, is a grade-beam at a depth of

approximately 4-feet below original ground.  The grade beams support the steel wide-flange columns.

While the length of the building is 67’-4”, the length of the footing directly adjacent to the railroad tracks

that would requiring underpinning is 72’-4”.

The depth of the proposed wall trench at the Rainbow Pedestrian Bridge is approximately 32-feet

(measured from the original grade to the top of the reinforced concrete invert slab).  The approximate

thickness of the reinforced concrete slab is 5-feet.  The underpinning solution is anticipated to extend

below the reinforced concrete slab to be embedded approximately 4-feet into the jet grout layer.  Thus,

overall underpinning excavations adjacent to the entry building will be approximately 38-feet below the

base of the existing foundation for a total depth of 41-feet, measured from the original ground.  Adding to

the complexity of the underpinning solution, the depth to groundwater is approximately 27-feet.

Therefore, of the total excavation depth of 41-feet, approximately 14-feet will be conducted below the

groundwater table.
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Figure 1 Existing Conditions

Figure 2 Proposed Section
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2 General Concepts

Each underpinning technique was challenged against one another in the areas of 1) soil applicability, 2)

design and construction feasibility, and 3) cost of construction.  Each of these categories was explored in

the detailed sections of this report.

To determine the best practical solution for the underpinning of the entry building for the Rainbow

Pedestrian Bridge, an analysis of soil applicability was examined.  The result of this analysis was used in an

initial screening of each underpinning method.  Since the soil, in the City of Reno vicinity, is comprised of

loose to dense sands, and gravels, only methods that are compatible with these conditions were examined.

The design and construction feasibility of each method was evaluated by performing conceptual

calculations and/or collaboration with foundation underpinning experts.  This information was necessary

to develop enough information to gain an understanding of a possible solution in final design.  Only

enough information was determined to address feasibility and construction costs associated with each

method.  Specifically, the design criteria that was used to determine feasibility included an examination

into whether the final conditions would provide 1) elimination of groundwater seepage, 2) adequate lateral

support for soil and groundwater forces, and 3) suitable solutions to support the structure in both the

temporary and final conditions.  Furthermore, construction related concerns were addressed by ensuring

the recommended methods of construction 1) had a proven history of success in similar applications, 2)

provided for safe and efficient progress, and 3) were possible in the City of Reno.

The final construction costs were estimated using the results from the conceptual calculations and

collaboration with experts.  An estimated total cost of the construction was determined for the entire

underpinning effort for the entry building to the Rainbow Pedestrian Bridge, except the foundation

modifications required to install the proposed trench struts.  The preliminary costs presented in this report

reflect the costs associated to a finished trench wall that resists vertical loads and provides a positive

groundwater barrier.  In the final analysis, conducted to determine the preferred method of underpinning,

these costs were used to rank the proposed methods.  Specifically, any option with an estimated

construction cost in excess of $1,000,000 was eliminated from contention.  This number was used as a

basis as it is approximately half the assumed replacement value of the structure.

All proposed underpinning techniques were analyzed using the specific screening criteria presented above.

Each of these analyses is presented in the detailed sections of this document.  The conclusion of this

document summarizes each criterion described above and provides a recommendation for underpinning

construction.
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3 Mass Concrete

3.1 Methodology

The concept of mass concrete has been used for decades.  Mass concrete underpinning is accomplished by

excavating a segmental trench under the existing foundation to various depths (up to 60-feet).  After

excavation, the new hole is filled with unreinforced or reinforced concrete and another hole is excavated a

distance away from the first (see diagram below).  This pattern continues, exposing 20% or less of the

existing foundation at a time, until the entire structure is completed.  This technique is typically employed

on shallow foundations to lower the effective base of the structure, reducing differential settlements.

However, with proper reinforcement details and construction practices, it may be used to extend

foundations to a much greater depth.

0 .2 L 0 .2 L 0 .2 L 0 .2 L 0 .2 L

Figure 3 Mass Concrete Underpinning1

                                                  

1 Bullivant and Bradbury, Underpinning
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Figure 4 Mass Concrete2

3.2 Applicability to Soil Conditions

Mass concrete is applicable in any soil condition, provided that the bottom of the excavated pit is founded

on competent material. The materials within the City of Reno (Geotechnical Engineering Report, Proposed Reno

Railroad Corridor EIS, Reno, NV, Prepared by Kleinfelder, May 19, 2000) may be classified as competent

soil from 2- to 3-feet below the surface to great depths.  However, the presence of a relative high

groundwater table would increase the difficulty of this construction.  Additionally, the lack of cohesion in

the soil may necessitate the use of slurry during the excavation procedure to maintain an open excavation.

3.3 Design and Construction Feasibility

The construction method of Mass Concrete is most similar to the proposed diaphragm walls for the

trench system.  Therefore, it is anticipated that a 3- to 5-foot wide mildly reinforced concrete section

would be able to resist the dead and live loads imposed by the entry building.  Furthermore, it is

anticipated that the wall of concrete that is produced with this method would create a barrier to water

infiltration.  Based on these assumptions, this method of underpinning can be designed.

Following conversations with underpinning experts3, construction of this option is feasible.  Similar work

has been successfully accomplished throughout the world.

                                                  

2 Bullivant and Bradbury, Underpinning

3 Ronald Chapman, V.P., Schnabel Foundation Company, Walnut Creek CA
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3.4 Cost

Using past experiences with traditional underpinning and adjusting costs to account for the presence of

groundwater and the need for slurry, Mass Concrete construction can be completed for approximately

$200 per square foot of trench wall surface4.  Based on these assumptions, and an approximate area of wall

of 3,000 ft2, the total cost of this alternative is $600,000.

3.5 Conclusions

Mass Concrete is typically used for shallow foundations.  However, construction detailing and techniques

may be modified to make this a feasible option for underpinning the Rainbow Pedestrian Bridge building.

                                                  

4 K. Ronald Chapman, P.E., Vice President, Schnabel Foundation Company, Walnut Creek, CA
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4 Minipiling

4.1 Methodology

Minipiling (also know as, Micropiling or Pinpiling) is a technique whereby a shallow foundation is

converted to a deep foundation through the installation of small diameter steel piles and anchored to the

existing foundation.  These piles are typically 5- to 12- inches in diameter and drilled into the soil with

small and agile drilling equipment.  These techniques are especially useful for larger, heavier structures

founded on inadequate soil.  The capacity of these piles can be as great as 300,000 pounds per pile in

compression.  The main contributor to the pile’s capacity is skin friction along the surface of the pile.

Figure 5 Minipiling5

4.2 Applicability to Soil Conditions

Drilled-in-place elements are suitable in most subsurface conditions.  However, in cobbly soil with large

boulders or rock, the placement of these elements may prove troublesome.  Explicitly, it is anticipated that

acceptable production rates will only be obtained by using eccentric down-hole hammer drilling

equipment6.  Since, Minipiling fails to provide a positive groundwater and soil barrier, it serves as a

temporary support system to reduce settlements in the structure during excavation.  However, additional

work will be required to meet the structural performance criteria.  These additional construction items

must include a wall system to resist lateral forces and provide a positive groundwater barrier.

4.3 Design and Construction Feasibility

Design of the Minipiling system poses a challenge that may be surmountable, yet expensive and difficult to

construct.  The largest engineering challenge for Minipiling is to provide enough lateral support and length

of pile to support the structure during the excavation process.  During this process, these piles will be

                                                  

5 Bullivant and Bradbury Underpinning

6 Rob Jameson, Nicholson Construction Company, Oakland, CA
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exposed for a length in excess of 39-feet.  Since these piles resist vertical loads through a skin friction

mechanism, it will be necessary to install these piles a distance of approximately 40-feet below the lowest

point of excavation.  Using these values, the piles must be in excess of 79-feet long.  Additionally, the

unsupported length makes these piles vulnerable to buckling.  It may be possible to overcome the buckling

vulnerability by installing whalers (horizontal braces) that are anchored into the retained soil with grouted

ground anchors.  Although surmountable, these issues add considerably to the costs and risk of the

completed solution.

Construction of the Minipiling system is initially difficult with the cobbly soils in the City of Reno.

Furthermore, excavation, concrete, and reinforcement placement around these piles is a delicate and time

consuming operation.  These construction and design difficulties render this method undesirable.

4.4 Cost

The cost of underpinning the Rainbow Pedestrian Bridge utilizing Minipiles includes the cost of

constructing the piles and a structural diaphragm wall under the existing foundation.  This supplemental

wall is designed to retain the soil under the building and resist the lateral forces imposed on the wall.  The

cost of the piles is approximately $200 per foot of pile.  Using an approximate length and number of piles,

80-feet and 15-piles, respectively, the cost of the piling system would be $240,000.  Additional costs are

required to construct the structural wall.  The cost of this wall is approximately $80/ft2.  Based on 3,000 ft2

of wall surface, the wall cost is $240,000.  Adding each of these costs together, the total cost of

construction for this option is $480,000, without the use of whalers.

4.5 Conclusions

Based on the requirement to construct a gravity system to address the concerns of building settlement

during construction, an additional system to withstand the lateral forces (soil and water), and to provide a

positive groundwater barrier, this option is not recommended, because of higher risk and high costs.
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5 Soil Grouting

5.1 Methodology

Soil Grouting procedures are employed to improve the internal shear and compressive strength of in-situ

soils.  Soil Grouting is typically installed by drilling small diameter holes (4- to 8-inches) below the existing

foundation and injecting chemical or cement grouts into the soil.  The columns of grouted soil are used to

transfer the compressive forces of the structure to a deeper location.  In the case of spread (or strip)

footings, the grout columns must be installed contiguous to each other under the entire footing.  After the

grout is injected, trench excavation can occur adjacent to the grouted columns without disturbing the

existing foundation.

Figure 6: Jet Grout with Diaphragm Wall

5.2 Applicability to Soil Conditions

Soil Grouting is accomplished through various installation methods, including permeation, injection and

jet placement.  The City of Reno soils are applicable to all grout installation methods.  The most favorable

method for Soil Grouting is jet grouting.

Jet grouting can be used for a wide range of soil types, but special care is required when dealing with very

stiff and/or highly plastic clays.  Local obstructions, such as boulders, can often be bypassed or

encapsulated into the jet-grouted soil mass.

Variations in soil fines content, gradation, and density are likely to result in irregularities in the radius of

the jet-grouted columns, thereby increasing subsequent excavation difficulties.  Furthermore,

modifications to typical jet grout underpinning with grouted columns will be required.  These

modifications include constructing contiguous series of grouted columns along the entire length of the

existing footing.

The final excavated trench will need to be a positive groundwater barrier.  However, traditional grout

underpinning concentrates on developing cemented soil columns for support.  With the application

required at this location, the columns will have to be installed continuously to form a continuous mass of

soil down the length of the structure.
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5.3 Design and Construction Feasibility

The design of grouted underpinning poses three distinct engineering challenges.  The first challenge is the

ability to provide a positive groundwater barrier.  The second difficulty is protecting the finished facing

from the climactic elements.  The third problematic construction procedure is to finish the wall surface

despite the soil conditions.

Although creation of a watertight solution with grouting is possible, it is challenging in loose soils.  A

proposed solution is to fortify the grouting just below the groundwater table.  This fortification is

accomplished by providing a wide grouted soil mass at the base of the underpinning (Figure 6).

Additionally, the exposed face of the grouted soil requires an engineered solution.

The preferred method to grout under this structure is through the use of jet grouting7.  Jet grouted soils

weather poorly and require an additional facing material to protect it from degrading.  Facing material is

typically shotcrete.  However, in the City of Reno, concerns of frost heave between the two layers (jet

grout and shotcrete) negate the use of any facing.  Therefore, from a design perspective this underpinning

solution is not recommended.

Although the construction of the wall in soils containing large boulders and cobbles is manageable,

providing a finished surface to the wall given these soil conditions is difficult.  Cobbles and boulders

crossing the finished plane of the wall will require the use of a jackhammer or similar equipment for

removal.  Extremely large boulders might present a water seepage problem upon removal and these voids

must be patched.

5.4 Cost

Based on grouting costs published in the Draft Alternative Wall and Invert Report, July, 2000, prepared by

Nolte Associates, Inc., treated material is approximately $250 per cubic yard8 (adjusted for labor intensity).

Using an average thickness of 8-feet and a surface area of 3,000 ft2, the total cost of this alternative is

approximately $222,000.

5.5 Conclusions

Soil Grouting is the least expensive of all the proposed options in this report.  However, due to the

unfavorable weathering concerns of the exposed surface and the unpredictability of this method to

provide a positive groundwater barrier, Soil Grouting is not recommend.

                                                  

7 Draft Wall and Invert Analysis Report, Prepared by Nolte Associates, Inc., July, 2000

8 Alan R. Ringen, P.E, Hayward Baker, Santa Paula, CA

6 Conclusion

The proposed solutions examined in this report were 1) Mass Concrete, 2) Minipiling, and 3) Soil

Grouting.

Mass Concrete provides a positive groundwater barrier, resists lateral forces, and is feasible in the City of

Reno.  The total estimated construction costs associated with Mass Concrete are approximately $600,000.
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Minipiling ($480,000) exposes the project to undesirable risks associated with large unsupported lengths

and construction access limitations.  Therefore, Minipiling was eliminated from the list of viable

alternatives.

Although the least expensive alternative ($222,000) and a plausible solution for groundwater seepage, Soil

Grouting was eliminated from contention in this analysis.  The undesirable weathering concerns of the

exposed face of the grouted soil mass were the contributing factors in the elimination of this option.

Based on engineering and construction criteria, both Minipiling and Soil Grouting were eliminated from

the recommendations of this report.  Therefore, the remaining option, Mass Concrete, is the

recommended underpinning solution of the Rainbow Pedestrian Bridge.
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